PSYChOlOGY OF SURGERY
A
nxiety is an evolutionarily adaptive emotion. It occurs under conditions of threat, operating as a motivational system facilitating protective somatic, cognitive and autonomic reflexes.
1 Despite the potentially adaptive nature of anxiety, it often occurs excessively and may become maladaptive, leading to distress and impairment of functioning. 2 One area where anxiety commonly occurs is 'in reaction to perceived threat concerning the performance of a task under pressure'. 3 This phenomenon is known as performance anxiety (PA). PA affects even those with specialised skills, including athletes 4 and musicians, 5 with often detrimental effects on performance. Indeed, in a survey of 56 orchestras, 70% of musicians reported experiencing anxiety excessive enough to impact on their performance. 6 Furthermore, a meta-analysis of 48 studies investigating the relationship between anxiety and performance in competitive sport found a significant association between greater levels of anxiety and poorer performance outcomes. In the first of our psychology of surgery series, we look at surgeons' performance anxiety from a psychological perspective.
Given the impact of PA on performance, it is important to investigate the role of PA in contexts in which performance has the greatest significance. One such area is surgery, in which adverse outcomes resulting from poor performance can range from iatrogenic complications (eg wound breakdown and tissue damage) through to mortality. Like musicians and athletes, surgeons must acquire vast technical knowledge and skills, 8 and must utilise that expertise in front of an audience, namely the operating team members.
Research has demonstrated that intraoperative stressors such as equipment problems, communication failures or distractions have an impact on surgical decision making and performance.
9 Psychological factors such as stress can contribute to the experience of burnout among surgeons in the UK. 10 Moreover, the impact of stress on performance is well-known and the rate of psychiatric morbidity among UK doctors has been shown to range from 17% to 52%. 11 There is therefore a compelling need to further investigate the psychological factors involved in surgical performance. However, to date, no research has specifically investigated the prevalence or impact of PA among surgeons, or how this might affect patient outcomes. 
Domain Technique
This review aims to provide a synthesis of cognitive-behavioural perspectives on PA and demonstrate how these theories apply to the field of surgery.
PhYSIOlOGY
Cognitive-behavioural theorists posit that anxiety consists of three interacting components: physiological, behavioural and cognitive. 12 Anxiety is the result of activity in the amygdala and connected subcortical neural structures, and is associated with autonomic nervous system changes 1 including increased heart rate, nausea and sweating, all of which prepare an individual to initiate a 'fight, flight or freeze' response to threat cues. Anxiety with regard to surgical performance can therefore lead to increased physiological arousal. A degree of physiological arousal can optimise performance owing to an increase in motivation, attention and motor skills. 13 This idea is reflected in the Yerkes-Dodson law, 14 which presents the relationship between motor skills and arousal as being an inverted U shape (Figure 1 ). This theory predicts that both high and low arousal leads to poor performance whereas moderate arousal leads to optimal performance. This has been explored in a study investigating surgeons performing simulated laparoscopic tasks, which found that participants' self-report anxiety was positively correlated with mean heart rate and cortisol levels.
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These factors were also associated with worse economy of motion during simulation while a higher heart rate was associated with a greater number of errors. This provides evidence of the impact of anxiety-related autonomic arousal on surgical performance. However, despite providing an uncomplicated explanation of the relationship between arousal and performance, the Yerkes-Dodson law fails to take into account cognitive aspects of performance.
COGNITION
Cognitive-behavioural theory of anxiety describes a bi-directional relationship between cognition and physiology.
12 As well as leading to increased arousal of the autonomic nervous system, anxiety is associated with the allocation of attention to threat-related stimuli. This effect is described in the attentional control theory of Eysenck et al, highlighting how anxiety impairs an individual's ability to inhibit attention towards unwanted stimuli or to shift attention towards target stimuli.
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During surgery, these unwanted stimuli are often negtive thoughts about the outcome of surgery or the judgements of others while the target stimulus is the task at hand. A consequence of this is a decrease in processing efficiency and, when an individual is under conditions where cognitive demands are already high, an impairment in performance.
Cheng et al highlighted that the cognitive dimension of PA includes two domains: worry and self-focus. 17 Anxiety leads to a 'cognitive bias' towards threat (eg focusing on the negative consequences of making a mistake in theatre). This is believed to extend beyond external threat-related stimuli to also include greater focus on internal threat-related stimuli (eg focus on performance shortcomings and execution of a task), and subsequently an increase in self-focused attention. The observation that high trait anxiety leads to greater cognitive bias towards internal threat is well documented.
18 Furthermore, the relationship between self-focus and anxiety is likely to be bi-directional and has been shown to have a significant negative impact on motor task performance under stressful conditions.
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As well as affecting cognitive processes such as attentional control and self-focus, PA also affects more conscious aspects of cognition such as worry. When anxious, individuals allocate greater attention to worrying thoughts. 16 In the case of PA, worries are typically self-evaluative, with greater focus given to catastrophic thoughts about performance. Worry acts as an internal distracter, attracting attention away from a current task and therefore reducing the capacity for attentional control. 20 As a result, worry has consistently been demonstrated to impair cognitive performance.
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Although there is a paucity of research into the performance-related worries experienced by surgeons, it could be hypothesised that they involve catastrophic thoughts about iatrogenesis and social judgement, including judgement from colleagues. Kenny highlighted how worry related to PA among musicians is comparable with worry in individuals with social anxiety, in that they demonstrate increased self-focus and greater negative cognitions about social judgement.
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This may be greatest for those who perceive a higher level of social evaluative threat during a performance.
A further factor, described by Cheng et al as the 'regulatory dimension' of PA, refers to the performer's perceived capacity for coping and control during a task when under stressful conditions. 17 
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Developed in the field of competitive sport, this model suggests that the inverted U relationship between arousal and performance is accurate if in an individual experiencing a low level of worry about performance. On the other hand, if there is a high level of worry, soon after the point of optimal arousal (ie the tip of the inverted U) has been reached, there is a sudden rapid decline in performance (Figure 2 ). An increase in worry under conditions where physiological arousal is already high can therefore result in a 'catastrophic' decline in performance. This theory also highlights the bi-directional relationship between cognition and physiological arousal, demonstrating how a small degree of worry can increase arousal and subsequently improve performance but also that if physiological arousal is excessive, then this can perpetuate high levels of worry, leading to impaired performance.
BEhAVIOUR
Perhaps the most widely investigated behaviour in the performance literature is skill establishment, which can be thought of as an increase of movement automaticity due to practice. 25 The benefits of other areas of behaviour, however, are more questionable. For example, rituals or coping behaviours (such as listening to a certain song before a performance or bouncing a tennis ball a certain number of times before serving) are used by a variety of elite sportsmen and women, and have been shown to reduce anxiety and improve performance.
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It could be argued that engaging in pre-performance rituals may counter many of the detrimental cognitive effects of PA by offering a means of distraction, increasing a sense of control and externalising the focus of attention. adaptive versus maladaptive rituals and coping strategies may be distinguished by those that aim to reduce anxiety (adaptive) compared with those in which a surgeon engages as a result of the belief that without them, some surgical disaster or catastrophe will occur (maladaptive). This is because the latter behaviour prevents the surgeon from disconfirming these unhelpful beliefs about performance outcome in the absence of that behaviour.
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Engagement in adaptive coping strategies has been shown by Wetzel et al to have a positive effect on surgical performance and self-reported stress during a simulated operation. 28 The authors developed a categorical framework of surgical coping strategies, based on interviews with 30 surgeons. They identified 30 coping strategies across 6 domains (Table 1 ) and further investigation may determine which of these are most effective in managing PA.
PERFECTIONISM
It has been argued that personality traits such as perfectionism may also be of significance in the maintenance of PA. Kenny highlights the paradox of perfectionism,
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in that being an elite performer typically requires the achievement of near-perfection while at the same time, perfectionism has been shown to be associated with greater levels of anxiety among musicians. 29 Consequently, perfectionism may provide positive motivation and subsequently an increase in performance. On the other hand, if excessive, it may lead to performance-affecting levels of stress. Furthermore, perfectionism may cease to become adaptive in nature if an individual also demonstrates excessive self-criticism when falling short of a target, rather than enjoying the pursuit of the target.
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INTERVENTIONS TO REDUCE PERFORMANCE ANXIETY
To date, research in this field has typically focused on the management of stress during surgery, 28 however there is a need to evaluate interventions specifically designed to reduce PA. In the field of music, a systematic review in 2016 by Burin and Osório looking into interventions for PA found cognitive behavioural therapy (CBT) to be the most frequently studied modality of intervention, 30 with half of these studies observing reductions in PA alongside improvements in performance and confidence. Nevertheless, the number of studies investigating the effectiveness of CBT for PA amongst musicians is small (n=6) and some studies failed to observe improvements as a result of CBT. This indicates that developing and evaluating CBT interventions that are tailored for surgical PA is an avenue for further research.
CONClUSIONS
Given the substantial amount of research into PA in fields such as elite music and sport, and the effect this has on performance outcomes, there is a definite need to evaluate PA among surgeons. Owing to the continued pressure on surgeons and increasing rates of burnout among medical professionals, 33 the need for this research is more evident than ever. An important starting point would be to evaluate the prevalence and nature of PA among surgeons to determine whether this is affected by factors such as years of experience and available coping strategies. This would facilitate research evaluating the impact of PA on surgical outcomes and the development of possible interventions or treatment initiatives.
